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Identification of the Parameters of a Photovoltaic Cell Using an
Improved Genetic Algorithm (GA) Technique and Particular

Swarm Optimization (PSO)

Abstract. The modeling of a photovoltaic cell predicts the behavior of the cell in various environmental contexts of the real world, the identification of the
parameters of the photovoltaic cell is essential to simulate the behavior and to optimize the different characteristics of a photovoltaic cell (better energy
management and good operating reliability). In this work, two intelligent algorithms were used and compared for the identification of the parameters
of a photovoltaic cell. The proposed approach combines the simplicity of the equations of the explicit method with that of two meta-heuristic methods,
namely the genetic algorithm (GA) and the particle swarm optimization algorithm (PSO). These techniques used for the identification of the parameters
of the unknown model namely the photos run (Iph), the current of saturation (Is), the resistance series (Rs), and the factor of ideality (A) is last to
govern the relation current - voltage of a solar cell. The objective is to create an objective function that aims to solve an optimization problem (find the
optimal solution in terms of parameters), The panels studied in this work is the RTC France, and the characteristic curves of the panel are obtained
using only the information provided by the manufacturer’s datasheet, thus avoiding the need to carry out experimental data. The performances and
the precision of the proposed method are evaluated by applying the model to a diode with four unknown parameters, the combination of the explicit
equations with Meta-heuristic techniques allows to obtain an excellent performance of optimization and a high precision of estimation of the results,
The choice of the parameters PSO and GA is very important for a faster convergence of the algorithm.

Streszczenie. Modelowanie ogniwa fotowoltaicznego przewiduje zachowanie ogniwa w różnych kontekstach środowiskowych świata rzeczywis-
tego, identyfikacja parametrów ogniwa fotowoltaicznego jest niezbędna do symulacji zachowania i optymalizacji różnych charakterystyk ogniwa fo-
towoltaicznego (lepsze zarządzanie energią i dobra niezawodność działania). W tej pracy wykorzystano i porównano dwa inteligentne algorytmy
do identyfikacji parametrów ogniwa fotowoltaicznego. Proponowane podejście łączy prostotę równań metody jawnej z prostotą dwóch metod meta-
heurystycznych, mianowicie algorytmu genetycznego (GA) i algorytmu optymalizacji roju cząstek (PSO). Techniki te służą do identyfikacji parametrów
nieznanego modelu, mianowicie przebiegu zdjęć (Iph), prądu nasycenia (Is), szeregu rezystancji (Rs) i współczynnika idealności (A), aby ostate-
cznie określić relację prąd - napięcie ogniwa słonecznego. Celem jest stworzenie funkcji celu, która ma na celu rozwiązanie problemu optymalizacji
(znalezienie optymalnego rozwiązania pod względem parametrów). Panele badane w tej pracy to RTC France, a krzywe charakterystyczne panelu
uzyskano, korzystając wyłącznie z informacji dostarczonych przez kartę danych producenta, unikając w ten sposób konieczności przeprowadzania
danych eksperymentalnych. Wydajność i precyzja proponowanej metody są oceniane poprzez zastosowanie modelu do diody o czterech nieznanych
parametrach. Połączenie równań jawnych z technikami metaheurystycznymi pozwala uzyskać doskonałą wydajność optymalizacji i wysoką precyzję
szacowania wyników. Wybór parametrów PSO i GA ma bardzo duże znaczenie dla szybszej zbieżności algorytmu. (Identyfikacja parametrów og-
niwa fotowoltaicznego przy użyciu ulepszonej techniki algorytmu genetycznego (GA) i optymalizacji roju (PSO)). (Identyfikacja parametrów ogniwa
fotowoltaicznego przy użyciu techniki ulepszonego algorytmu genetycznego (GA) i optymalizacji roju szczególnego (PSO))
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Introduction
Artificial intelligence (AI) and renewable energy are two

areas that can complement each other and contribute to the
transition to a more sustainable future. Since 2020, the de-
velopment of renewable energies is progressing around the
world. In particular in the field of solar and wind energy. Many
countries are increasing their investments in renewable ener-
gies. Energy costs continue to fall as technology advances
and plant efficiency increases [7], [20].

Solar energy is generated by directly converting sunlight
into electricity using photovoltaic panels [1], [16].

The photovoltaic industry has grown exponentially as
installed capacity has increased rapidly in many countries
around the world and the manufacturing cost of photovoltaic
panels has decreased [2].

This makes it more competitive compared to conven-
tional energy sources.

A photovoltaic system produces energy that depends on
environmental conditions such as temperature, solar radia-
tion and the orientation of the photovoltaic panel [17], [26].
The characteristics of the photovoltaic panel under standard
conditions (STC) are provided by the manufacturers [18], The
behavior of a PV module is usually described by its charac-
teristics current - voltage, I-V, power-voltage P-V, the latter
depend on five parameters, Is, Iph, Rs, Rsh, A The preci-
sion and the number of parameters used Different from each
model [19], [27].

Artificial intelligence can be used to identify the param-
eters of solar cells. The combination of solar energy and ar-
tificial intelligence can optimize solar energy production, per-

formance and management [3], contributing to more efficient
use of resources and lower costs.

The aim of this article is to present a simple process,
based on simplified explicit equations combined with meta-
heuristic methods, which will allow us to estimate the un-
known parameters of our panel. The exploitation of the re-
sults will be made by a numerical method implemented in the
MATLAB environment.

Thus the results obtained allow a comparison between
the two meta-heuristic methods used for the experimental
validation of our approach.

Methods of Identification of PV Cells

Fig. 1. Identification principle

Several techniques have been developed to extract so-
lar cell parameters. They can be classified according to the
technology used [8].

1. Experimental characteristic.
2. Data provided by the manufacturer.

Our classification is based on identification methods. We
can distinguish them in three points:
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Analytical methods
The latter uses the I-V characteristics specified by the

manufacturer under standard operating conditions, the un-
knowns are represented by equations in mathematical form
and the effectiveness of this technique depends on the accu-
racy of the measurements.

Numerical methods
Numerical techniques are methods based on iterative al-

gorithms such as: Newton Raphson, least squares, etc.

Heuristic/meta-heuristic methods
In recent years, optimization methods using artificial in-

telligence techniques have been widely adopted and devel-
oped by researchers because of their ability to solve complex
and nonlinear problems.

Optimization heuristic
It is Simple, fast and adaptable to a specific problem. His

ability to optimize a problem with minimal information is com-
pounded by the fact that he cannot guarantee that the best
solution he finds is optimal. From an operations research per-
spective, this flaw is not always a problem, especially when
only an approximation of the optimal solution is desired [4].

Meta-heuristics
Some heuristic algorithms can be adapted to different

problems without much modification of the algorithm, these
are meta-heuristic algorithms. Most heuristics and meta-
heuristics use stochastic processes as a way to collect infor-
mation and deal with problems like combinatorial explosion.
Outside of this probabilistic basis [5], encounter heuristics are
typically iterative, i.e. apply the same search pattern multiple
times during optimization and simply do not use information
from the objective function gradient [4].

They are particularly interested in the ability to avoid lo-
cal optima by accepting the degradation of the objective func-
tion with evolution or by using groups of points as a search
method [1]. (This distinguishes it from local descent heuris-
tics).

They are often inspired by analogies with reality
(physics, biology, ethology, etc.) and were typically origi-
nally developed for discrete problems, but adapted to con-
tinuous problems and can be applied to many different prob-
lems. There are several such methods in the literature, in-
cluding: Particular Swarm Optimization (PSO), Genetic Algo-
rithm (GA), Bee Swarm Optimization (BSO) and Ant Colony
Optimization (ACO).

Mathematical model
Ideal model

Several models have been proposed in the literature.
The objective is to simulate the behaviour of solar cells under
various conditions [21]. Fig. 2 shows the equivalent circuit
of the ideal photovoltaic cell, it includes a constant current
source, in parallel with a diode.

Fig. 2. Equivalent circuit

Mathematically fundamental equations of an ideal solar
cell is represented in Equation (1)

(1) I = Iph − Io

(
exp

(
V +RsI

Vta

)
− 1

)

(2) Id = Io

(
exp

(
q(V +RsI)

aKT

)
− 1

)

Where Iph is the photo-current, Id is the diode reverse
saturation current, I and V are the values obtained from cur-
rent and voltage, Vt is the thermic voltage, K is Boltzmann
constant 1, 38 · 10−23J/K), Ns is the cell connected in se-
ries (provide higher output voltages), Np is the cell connected
in parallel (increase the current), T is the temperature (K), q
is the electron charge 1, 6 · 10−19C and Eg is the bandgap
energy of the semiconductor [10].

Simple diode
A single diode equivalent circuit of a Solar cell is shown

in Fig. 3.

Fig. 3. Simple equivalent circuit diagram of a solar cell [6]

The circuit in Fig. 3 consists of a constant current source
in parallel with a diode. This model takes into account the in-
ternal series resistance of the module and the losses due to
the contacts and connections between the cell and the mod-
ule. The parallel resistance of the module, on the other hand,
models the losses due to the leakage current through the
junctions of the cells. This model offers a good compromise
between approximation accuracy and simplicity [10].

The latter is called a single diode model, widely used to
represent the behavior of solar cells. The output current is
given as follows:

(3) I = Iph − Id − Ish

(4) Id = Io

(
exp

(
q(V +RsI)

aKT
− 1

))

(5) Ish =
V +RsI

Rsh

Where Iph and Io are the photovoltaic current and the
saturation current, Ish replaces the current of the shunt re-
sistor.

(6) I = Iph − Io

(
exp

(
V +RsI

Vta
− 1

)
− V +RsI

Rsh

)
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(7) Vt =
KT

q

All photovoltaic system data sheets basically have the
following information:

no-load voltage Voc,n , short-circuit current Isc,n , maxi-
mum power point voltage Vmp, maximum power point current
Imp, open circuit voltage/temperature coefficient KV , short
circuit current/temperature coefficient KI and maximum ex-
perimental peak power Pmax,. This information is always
provided with reference to: Rated or standard test conditions
(STC) of temperature and sunlight exposure. Some manufac-
turers provide I-V curves compatible with various irradiation
conditions and temperature conditions. These curves facili-
tate the following adjustments and validations.

The “I-V” characteristics of the photovoltaic device de-
pend on the device’s internal characteristics (Rs, Rsh) and
external influences such as solar radiation levels and tem-
perature. Cells connected in parallel increase current, while
cells connected in series provide higher output voltage.

The luminous flux of the solar cell depends linearly by
the solar radiation and the temperature According to the fol-
lowing equations [22].

(8) Iph = (Iph,n +KiΔT )
G

Gn

(9) ΔT = T − Tn

Where Iph,n is the light-generated current at the nominal
condition.

The diode saturation current Io and its temperature de-
pendence can be expressed as:

(10) Io = Io,n

(
Tn

T

)3

exp

[
qEg

aK

(
1

Tn
− frac1T

)]

And Io,n is the nominal saturation current:

(11) Io,n =
Isc,n

exp
(

Voc,n

aVt,n
− 1

)

The saturation current Io of PV cells depend on the satu-
ration current density of the semiconductor (Io, usually given
in [A/cm2]). The current density Io depends on the intrinsic
value characteristics of the PV cell.

Equation (10) is replaced by the equation below with a
view to improving

(12) Io =
Isc,n +KiΔT

exp
(

Voc,n+KiΔT

aVt

)
− 1

The purpose of this modification is to adapt the open cir-
cuit voltage of the model to the experimental data over a very
wide temperature range. Fig. 12 is derived from Equation
(11) by including the current/voltage coefficients KI, KV in the
equation.

The saturation current Io strongly depends on the tem-
perature. This equation simplifies the model and eliminates
adjacent model errors [11].

Identification Parameters of The PV Cell Using Meta-
heuristic Methods
Genetic algorithms

Genetic algorithms were introduced by Holland in the
1975 [12]. Their field of application is very wide. Besides
economy, it is also used for other system optimizations.

A genetic algorithm (GA) is a stochastic optimization al-
gorithm. This method of optimization draws on natural selec-
tion processes and genetics to solve complex problems. It
can also be used to determine photovoltaic parameters [13].

The identification of the photovoltaic parameters con-
sists in finding the optimal values for different parameters that
describe the behavior of the photovoltaic module, such as:
the saturation current, the photo-current, the ideality factor,
the series resistance, the parallel resistance, etc.

Their evolutionary process is random and controlled by
three mechanisms: Selection, crossing, mutation.

GA maintains a set of candidate solutions called the
population and modifies them iteratively using three mech-
anisms, at each iteration we start with an initial randomly
selected population of potential solutions (chromosomes).
Each performance (fitness) will be evaluated. Based on these
results, we create new populations of potential solutions us-
ing simple evolution operators: Selection, crossing and muta-
tion. We repeat this cycle until we find a satisfactory solution
[12].

This procedure is summarized in the flowchart in Fig. 4.

Fig. 4. GA flowchart

Particle Swarm Optimization
The Particle Swarm Optimization (PSO) algorithm is an

evolving ’meta-heuristic’ method for determining the optimal
parameters of a photovoltaic system. It was originally pro-
posed by Kennedy and Eberhart as a simulation of the so-
cial behavior of social organisms such as flocks of birds and
schools of fish in research spaces. It can also be used to
determine photovoltaic parameters [21].

PSO differs from other methods of evolutionary compu-
tation in that members of the population called "particles" are
dispersed in the problem space. Therefore, the behavior of a
particle swarm must be described in terms of particles. Each
particle has the following characteristics:

• The position, that’s to say its coordinates in the definition
set.

• The speed at which the particles can move. This way,
each particle will change position during the iteration. It
evolves based on its best neighbors, its best location,

PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 11/2024 27



and its previous location.
It can quickly explore the search space and find quality

solutions. However, it can also be sensitive to local minima.
Therefore, it is important to carefully choose the parameters
of the algorithm [23]. By applying this method to optimization
problems, she takes advantage of the physical movements of
individuals within a herd and organizes them in a random and
balanced way to improve and adapt global and local search
capabilities. Particles are the final movement in the search
space. Each of the particles is considered as a solution of the
problem and has a position Xi,j and a speed Vi,j In addition;
each particle has a memory of its best visited position Pi,best

and also of that of its neighborhood Pi,Gbest.
PSO uses the velocity vector information and the local

and global best quality positions to update the current values
of the solar cell parameters for each particle in the swarm.
Thus, the value of the optimization function at each position
of each swarm particle is calculated.

This updates the velocity vector associated with each
particle based on the value of the solar cell and each par-
ticle’s function [14].

Mathematically, the estimate of the « i » solar cell pa-
rameter for the « j » particle in the swarm at iteration k+1 is
updated as

(13) Xk+1
i.j = Xk

i.j + V k+1
i.j

Where V k+1
i.j is the updated velocity vector.

The velocity vector associated with each solar cell pa-
rameter is calculated as, the « k+1 » iteration is updated

(14)
V k+1
i.j = wV k

i.j+C1r
k
i.j(P

k
i.best−Xk

i.j)+C2r
k
2.j(P

k
i.Gbest−Xk

i.j)

Where V k
i.j is the velocity vector, Xk

i.j is the swarm parti-
cle at iteration k, P k

i.best is the best recorded individual value,
P k
i.Gbest is the best recorded overall value, rki.j , rk2.j repre-

sent a random number varying between [0, 1] and w, C1 and
C2 are respectively the inertial weight, the cognitive parame-
ter and the social parameter [24].

The steps of the algorithm are illustrated in Fig. 5.
Particle swarm optimization is one of the most widely

used techniques due to its easy implementation and inex-
pensive computation, simplicity of coding and consistent per-
formance.

Fig. 5. PSO algorithm

Identification of PV Cell Parameters Using Meta-heuristic
Methods Combined With Explicit Equations

The method proposed in this article combines the algo-
rithms of the particle swarm (PSO), a common way to cal-
culate the unknown parameters (Iph, Is, Rs, A), by using ex-
plicit equations which are also used to calculate the param-
eters of the model of photovoltaic modules with diodes in a
direct way (mathematical equations). That is to say without
the need to resort to iterative methods, the second one com-
bines its last with the genetic algorithm (GA).

The three methods require knowing the values of the cur-
rent (Imp) and the voltage (Vmp) as well as the short-circuit
current (Isc) and the open-circuit voltage (Voc).

In our work we studied the model of the France RTC cell
under standard conditions as represented in Table. 1 with a
constant illumination of 1000w/m2:

Table 1. Cell data sheet of RTC FRANCE
Vmp Imp Voc Icc T Ns

0.4507 0.6894 0.5728 0.7603 33 1

Objective function
To extract various solar cell model parameters from I-V

data using optimization techniques, we need to define per-
formance criteria or objective functions. To define the objec-
tive function [25] rewrite the current-voltage relationship (i-v)
given in Equation (1) as:

(15) f(I, V,X) = 0

Where X = [Iph, Io, Rs, Rsh, A] is the decision vector
which consists of the parameters to be extracted. For each
parameter, it is bounded in the search space [19].

The objective function f in Equation (20) must be mini-
mized. The smaller the objective function, the better the so-
lutions obtained. It is calculated using explicit equations for
four-parameter identification:

We suppose that: Rsh = ∞
• The expression of the photocurrent Iph is given by:

(16) Iph = (Iph,n +KiΔT )
G

Gn

• The expression of the reverse saturation current of the
diode Io is written:

(17) Io = Io,n

(
Tn

T

)3

exp

[
qEg

aK

(
1

Tn
− 1

T

)]

Expression of resistance:

(18) Rs =

NsAKT
q ln

(
1− Im

Icc

)
+ Vco − Vm

Im

The expression of the ideality factor:

(19) A =
q(2Vm − Vco)

NsKT
[

Icc
Icc−Im

+ ln
(
1− Im

Icc

)]

The latter are used to find an approximate estimate of the un-
known parameters, which leads to restrict the search space
appropriately, thus allowing a faster convergence towards the
optimal solution [11].
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The value of " f " is calculated for each pair of mea-
surement data. In this article, square root means root mean
square error (RMSE), is chosen as the criterion to quantify
the difference between the model results and the measured
data [15]. RMSE is defined by the following formula:

(20) RMSE =

√√√√ 1

N

N∑
i=1

fi(Ii, Vi, X)2

Where N is the number of data points.

Results
To compare the efficiency of the two algorithms to im-

prove, we have chosen to study the RTC France panel Table.
2. The parameters of the algorithms are represented in the
following table:

Table 2. Parameters of two algorithms PSO and GA
PSOX GAX

Population size:100 Population size:1000
C1 : 1.5 Selection: uniform stochastic
C2 : 2 Crossover: random
W: 0.9 Mutation: Gaussian

Number of iteration:5000 Number of iterations :5000

The PV module parameters were estimated under stan-
dard temperature and irradiance conditions using the SDM
diode model of the RTC France photovoltaic module. The
optimal values for the four parameters (Iph, Io, Rs, A ) are
represented in Table. 3.

Table 3. Simulation result
PSO PSOX GA GAX

Iph 0,7565 0,7586 0,760324 0,75898
Is 2,66E-07 8,88E-07 2,47E-06 1,09E-06
Rs 0,03811 0,03256 0,026716 0,03114
A 1,48 1,58985 1,7647 1,61449

RMSE 0,0033 0,00245 0,003943 0,001047

To test the two algorithms, we chose a population of
1000 individuals for GA, the results obtained after 100 iter-
ations are represented in the following figure, for the PSO-
explicit method we chose a population of 50 (PSOX) with
5000 iterations, the first and the second column show the
values for the algorithm of the particular swarm (PSO) and
the algorithm of the particular swarm combined with explicit
equations (PSOX), the third and fourth column represents the
genetic algorithm and the genetic algorithm combined with
the explicit equations.

The characteristic curves current-voltage “I-V”, power-
voltage “P-V” can be easily reconstructed as shown in Fig. 6.

Fig. 6. GAX and GA comparison I-V

Fig. 7. GAX and GA comparison P-V

The characteristics of Fig. 6 and Fig. 7 current-voltage
and power-voltage obtained show that the simulation results
and the manufacturer’s data are very close, in particular the
genetic algorithm method combined with explicit equations in
terms of value and faster convergence.

Fig. 8. PSOX and PSO comparison I-V

Fig. 9. PSOX and PSO comparison P-V

In the following figure, which represents the characteris-
tic curves of the I-V and P-V of the simple and explicit PSO al-
gorithm, we notice an improvement in the PSOX curve thanks
to the use of explicit equations that reduces the calculation
load, and total control over the modelling.

Fig. 10 and Fig. 11 show the best value of the objective
function during the iteration. As can be seen, the conver-
gence speed of the proposed algorithm is fast. Indeed, in the
case of genetic algorithms, we use explicit equations to eval-
uate the performance of each chromosome with an objective
function (direct calculation of the values of the objective func-
tion). In our research, we found that the choice of parameters
for both algorithms is very important for convergence.

Using explicit equations in either method implies that the
objective function to be optimized is formulated in explicit
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Fig. 10. PSOX and PSO convergence comparison

Fig. 11. GAX and GA convergence comparison

mathematical form. This means that the objective function
can be determined directly from the solution parameters with-
out the need for complex evaluations.

Fig. 12. Comparison between the I-V curves of the two methods

We notice slight differences between the two algorithms
in the current-voltage and power-voltage curves ( Fig. 13),
and on the convergence side, we see that the genetic method
converges very quickly with respect to the swarm.

Discussion
In this paper, we propose a new technology for extracting

photovoltaic cell parameters based on particle swarm opti-
mization and a genetic algorithm combined with explicit equa-
tions.

Consider a four-parameter model. The data used in the

Fig. 13. Comparison between the P-V curves of the two methods

Fig. 14. Comparison between PSOX and GAX for convergence

simulations of our work correspond to commercial silicon so-
lar cells (R.T.C France) at 33 C. Note that since the meta-
heuristic optimization algorithms are probabilistic in nature,
in all the following simulations, the algorithm considered is
run multiple times and the best result is presented in each
case.

Genetic algorithm optimization is used for complex prob-
lems and a large search space, while particular swarm opti-
mization is used as an optimization tool to increase the prob-
ability of reaching minimum global solutions in a short time.
Time with very good precision based on the minimization of
the squared error between experimental and theoretical char-
acteristics.

The simulation results show that the accuracy of the
heuristic approach is effective for modeling in the case of so-
lar modules, comparing the results of the combined algorithm
of PSO and GA; we can see that the minimum RMSE value
provided by the GA is lower than that given by the PSO. The
RMSE value obtained by the GA is 0.001047, which is lower
than that 0.00245 given by the PSO.

Adding explicit equations allows us to quickly evaluate
the performance of candidate solutions and gives us full con-
trol over our modeling. This allows us to direct the algorithm
towards areas of the search space that are more promising
in terms of convergence and acceleration. However, this re-
quires a thorough understanding of the problem.

The performance of PSO and AG strongly depends on
the configuration of each parameter such as population size,
PSO rate factor, mutation and crossover rate of AG. Proper
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settings are essential for best results.
The choice between PSO and GA depends on the spe-

cific optimization problem we want to solve. For problems
where rapid exploration of the search space is essential, PSO
is often preferred, while GA is better suited to problems re-
quiring robust, less parameter-sensitive search and deeper
spatial exploration. It’s usually a good idea to try both meth-
ods to determine which one suits your use case best.

Conclusions
In this work, we studied a simple and effective method to

determine the parameters of RTC FRANCE solar panels us-
ing a single diode model. Heuristic and meta-heuristic meth-
ods are used to identify the parameters of photovoltaic mod-
ules.

The identification of photovoltaic parameters plays an
important role in performance evaluation, product compari-
son, monitoring and maintenance of photovoltaic systems.

The methods proposed in this article. Particular swarm
optimization and genetic algorithm optimization are two com-
mon approaches to solving optimization problems. Both
methods are based on meta-heuristics inspired by natural
phenomena.

Using an algorithm with explicit equations gives the fol-
lowing result:

A faster and more efficient optimization of the photo-
voltaic parameters facilitates the search for optimal solutions
while allowing a better understanding and interpretation of
the results obtained.

The combination of the genetic approach with explicit
equations facilitates the search for optimal solutions and
faster convergence.

The two evolutionary optimization approaches differ in
their search mechanism, overall behaviour, and communica-
tion between solutions.
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PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 11/2024 31



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


